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PREFACE 


This  report  is  the  result  of  research  conducted  by  the  Air  Force 
Armament  Laboratory,  Armament  Development  and  Test  Center,  Eglin  Air 
Force  Base,  Florida,  from  October  1977  to  October  1978  under  Air  Force 
Exploratory  Development  Project  06CD0101. 

Reference  to  specific  manufacturers  or  suppliers  of  scientific 
equipment  used  in  this  study  is  for  the  sole  purpose  of  identification 
and  does  not  constitute  endorsement  of  the  products  by  the  United  States 
Air  Force. 

This  report  has  been  reviewed  by  the  Information  Office  (01)  and 
is  releasable  to  the  National  Technical  Information  Service  (NTIS) . 

At  NTIS,  it  will  be  available  to  the  general  public,  including  foreign 
nations. 

This  technical  report  has  been  reviewed  and  is  approved  for 
publication. 

FOR  THE  COMMANDER 


V *<f6E  A.  FARMER 


Chief,  Environi.es  Office 
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SECTION  I 


INTRODUCTION 


Development  of  high-density,  armor-piercing  munitions  has  led  to  wide- 
spread use  of  metallic  depleted  uranium  by  the  armed  services.  Notable 
weapons  employing  depleted  uranium  include  the  Air  Force  GAll-8,  the  Army 
XM  774  and  M735E1,  and  the  PHALANX  gun  systems. 

Armor-piercing  munitions  are  specifically  designed  to  defeat  armored 
targets  through  primary  impact  of  a high-density,  nonexplosive  core  or 
penetrator.  Using  depleted  uranium  as  the  penetrator  material,  fire  is 
realized  us  a secondary  damage -mechanism  due  to  the  pyrophoric*  nature  of 
the  depleted  uranium  projectile  which  bursts  into  burning  fragments  upon 
impact  with  armor.  It  was  the  objective  of  this  work  to  study  the  nature 
and  formation  of  these  fragments  and  to  describe  the  particulates  which  .^re 
generated  as  a result  of  the  physical  breakup  and  the  vigorous  oxidation  of 
depleted  uranium.  Scanning  electron  microscope  techniques  coupled  with 
energy  dispersive  X-ray  spectroscopy  were  used  to  determine  the  morphological 
characteristics  of  the  particulate  material.  Emphasis  was  placed  on  deter- 
mining the  size  range,  crystalline  structure,  and  stability  of  tM  resulting 
particles.  Information  obtained  from  this  study  will  be  useful  in  future 
assessments  concerning  the  impact  of  depleted  uranium  munitions  on  the 
environment.  The  data  will  also  be  valuable  in  understanding  and  providing 
for  protection  of  personnel  associated  with  testing  and  operational  use  of 
this  type  of  weaponry.  It  is  anticipated  that  the  results  of  these  Aberdeen 
tests  will  provide  insight  in  understanding  the  events  which  occur  during 
30  mm  testing  at  Eglin  Air  Force  Base. 


♦Popular  usage  of  the  term  pyrophoric  has  led  to  its  acceptance  for 
scribing  this  high-density  metal  (depleted  uranium)  since,  at  high  velocity, 
it  spontaneously  ignites  and  burns  upon  impact  with  armor. 
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SECTION  II 


MATERIALS  AND  METHODS 

Depleted  uranium  particulate  samples  studied  in  this  report  were  ob- 
tained following  test  firings  of  the  Array  105  mm  XM  774  antitank  round  at  the 
Fo:'.'  Farm  Firing  Range,  Aberdeen  Proving  Ground,  MD  during  October  1977. 

The  rounds  were  test  fired  against  spaced  armor  targets  from  a distance  of 
approximately  200  meters.  Penetrators  consisted  of  3.5  kg  alloyed  depleted 
uranium  containing  0.75  percent  titanium  by  weight.  A diagram  of  the  firing 
site  and  an  overhead  view  of  the  target  area  are  shown  in  Figures  1 and  2 
(courtesy  of  Battelle  Pacific  Northwest  Laboratories),  respectively. 

Air  sample  collectors  were  positioned  at  three  locations  adjacent  to 
the  target  butt;  site  1 was  directly  east  and  approximately  2 meters  above 
ground  level;  site  2 was  4 meters  south  and  2 meters  above  ground  level; 
and  site  3 was  1.5  meters  west  and  2 meters  above  ground  level.  Soil  sam- 
ples were  collected  directly  beneath  and  behind  the  target  plates. 

Airborne  particles  were  collected  on  double-stick  cellophane  tape. 

Cut  portions  of  the  tape  were  placed  on  carbon  coated  aluminum  stubs  (15  mm 
in  diameter)  and  coated  with  100  percent  gold  in  an  International  Scientific 
Instrument  PS-2  Sputter  Coater. 

All  soil  samples  were  sieved  through  a 400  mesh  (37  pm  opening)  screen 
to  eliminate  large  particulate  material.  Only  that  fraction  which  passed 
through  the  400  mesh  screen  was  used  for  subsequent  analyses.  Selected 
samples  were  passed  through  a 12  pm  pore  diameter,  hydrophobically  treated 
Nucleopore  Membrane,  to  concentrate  particles  in  the  respirable  range. 
Following  the  sieving  operations,  samples  were  centrifuged  at  500  rpm  in 
an  aqueous  solution  of  thallium  formate-thallium  malonate  (density  4.3). 
Particles  with  a density  greater  than  that  of  the  fluid  medium  were  collected 
at  the  bottom  of  the  tube.  This  high  density  particulate  material  was  then 
trapped  on  0.4  pm  pore  diameter  Nucleopore  membranes.  After  repeated 
washings  with  distilled  water,  the  membranes  were  air  dried,  placed  on 
carbon  coated  aluminum  stubs,  and  coated  with  100  percent  gold  as  previously 
described. 

Particulate  materials  were  examined  in  an  International  Scientific 
Instrument  Super  III  A Scanning  Electron  Microscope  at  an  accelerating 
voltage  of  25  kV.  Elemental  composition  of  the  particles  (to  0.5  pm  in 
diameter)  was  identified  with  either  a Kevex  5500  or  Kevex  5100  X-Ray 
Energy  Spectrometer  with  a detector  resolution  of  146  eV.  Specimen  tilt 
angles  varied  from  a 0-  to  45-degree  tilt.  Uranium  was  identified  by  its 
Ma  and  Mg  X-ray  peaks  at  3.17  keV  and  3.33  keV,  respectively.  A typical 
X-ray  spectrum  is  illustrated  in  Figure  3.  The  MLK  marker  (white  bar)  iden- 
tifies the  Ma  peak  for  uranium.  Additional  peaks  represented  in  the  spectrum 
are  aluminum  (Ku  1.48  keV.) , gold  (Ma  2.12  keV) , titanium  (Ka  4.51  keV) , and 
iron  (Ka  6.40  keV,  Kb  7,06  keV) . 
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igure  o.  IVpical  X-Ray  Mnergy  Spectrum  Resulting 
from  the  Bombardment  of  a Stahallov  and  Iron 
Particle  \v  i 1 1 » a Jo  KV  fleet  run  Beam 


SECTION  III 


RESULTS 


airborne  particles 

As  shown  in  Figure  4,  impactior  of  105  mm  depleted  uranium  penetrators 
against  multiple  armor  plate  target  resulted  ir.  the  formation  of  large 
numbers  of  airborne  particulates.  At  this  relatively  low  magnification,  it 
was  apparent  that  particulate  material  was  generated  over  an  extremely  broad 
size  range,  i.e.,  from  macro  fragments  at  diameters  greater  than  50  pm  to 
submicron  particulate  aerosols.  Other  than  sheared  or  broken  fragments, 
most  of  the  particles  observed  were  either  spherical  or  ellipsoidal  in  shape, 
indicating  sufficient  heat  generation  following  impaction  to  cause  the  for- 
mation of  molten  uranium  and  uranium  uxiues.  The  extreme  temperature  re- 
quired for  melting,  in  excess  of  1133°C  (Reference  1),  undoubtedly  resulted 
from  the  combined  effects  of  frictional  forces  at  impact  and  oxidation  of 
the  pyrophoric  penetrator  material.  During  the  process  of  penetration  of 
multiple  armor  targets,  depleted  uranium  penetrators  undergo  severe  frag- 
mentation. With  the  type  of  targets  utilized  in  the  study,  the  only 
recognizable  remaining  portion  of  the  original  penetrator  is  normally  a 
small  section  near  the  base.  Fragments  produced  are  ignited  spontaneously 
by  a combination  of  shock  and  friction  heating  at  impact.  Combustion  of 
fragments  in  air  is  exothermic  and  self-sustaining.  Flash  temperatures 
reached  during  impact  of  depleted  uranium  penetrators  with  armor  plate  have 
been  shown  to  fall  in  the  range  of  5500  to  5C00°F  (Reference  2) . Test 
results  show  further  a nearly  constant  (3037  to  3093°C)  impact  flash  tem- 
perature over  the  entire  range  of  impact  velocit.es  from  4010  to  5560  feet 
per  second.  Such  temperatures,  especially  in  view  of  the  severe  penetrator 
breakup  demonstrated  by  the  XM  774,  are  sufficient  to  initiate  combustion 
of  the  numerous  particles  produced. 

Measuring  fine  particles  is  generally  a cumbersome,  if  not  complex, 
cask.  However,  due  to  the  nearly  spherical  shape  of  most  of  the  particles 
encountered  in  this  study,  direct  diameter  measurements  were  relatively 
simple  to  perform. 

Examination  of  numerous  particles  revealed  several  distinct  morphologies. 
The  great  majority  of  airborne  particles  exhibited  a rugose  or  convoluted 
structure  which  frequently  appeared,  at  surface  level,  to  consist  of  large, 
interconnecting  concave  plates  (Figure  5).  Each  plate,  formed  independently 
from  the  solidification  of  molten  material,  was  observed  to  radiate  from  a 
common  origin  or  focal  point  upon  the  surface.  At  or  near  the  junction  of 
adjacent  plates  considerable  overlapping  and  fusion  occurred,  resulting  in 
distinct  bu"  irregularly  delineated  boundary  edges.  Higher  magnification 
revealed  num.  rous  imperfections  in  the  overall  crystalline  structure  along 
the  surface,  thereby  serving  to  further  subdivide  each  major  plate. 
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As  illustrated  in  Figure  6,  some  rugose  particles  exhibited  a more 
uniform  surface  morphology,  devoid  of  major  plate  divisions.  The  convoluted 
surface,  although  similar  to  that  previously  described,  consisted  of  deeper, 
more  numerous  folds  and  extensive  dimpling.  Fissures  arid  pore-like  invag- 
inations were  frequently  observed  and  progressively  developed  into  deep 
fractures,  presumably  as  a consequence  of  thermal  expansion  or  through 
collisions  with  other  objects.  These  fractures,  which  traversed  irregular 
courses  along  the  convoluted  folds,  were  the  eventual  cause  of  extensive 
particle  breakup  (Figure  7) . 

A unique  class  of  particulates,  best  described  as  polycrystalline,  was 
frequently  found  (Figure  8).  Only  observed  at  diameters  greater  than  40  ym, 
these  particles  consisted  of  a tight  but  irregular  mass  of  nearly  cuboidal 
crystals.  Although  these  particles  lacked  the  orderly  and  systematic  intra- 
crystalline  alignment  often  associated  with  polycrystalline  formations,  the 
net  result  wa.s  the  creation  of  nearly  perfect  spheres  exhibiting  relatively 
smooth  but  d'scontinuous  surfaces.  It  should  be  noted  that,  when  fractured, 
these  particles  revealed  a similar  crystalline  structure  throughou  their 
solid  interiors.  X-ray  data  indicated  that  these  particles  contained  an 
extremely  high  content  of  iron  with  relatively  small  quantities  of  uranium 
present . 

Internal  morphology  was  frequently  revealed  by  examination  of  fractured 
particles,  particularly  those  in  which  large  portions  had  become  detached. 

Both  solid  and  hollow  particles  were  observed,  the  latter  clearly  demon- 
strated by  the  presence  of  hemispherical  fragments  (Figure  9) . Although 
wall  thickness  varied  greatly,  the  inner  surface  morphology  of  hollow 
particles  consistently  resembled  that  of  the  outer  surface. 

Perforated  depleted  uranium  particles,  similar  in  many  respects  to  those 
reported  for  fly  ash  and  oil  soot  (Reference  3),  are  shown  in  Figure  10. 

Some  of  the  particles  observed  were  so  highly  perforated  and  thin-walled 
that  impact  with  the  collecting  tape  resulted  in  distortion,  collapse  or 
complete  breakup.  The  unusual  nature  of  these  particles  is  consistent  with 
the  oxidative  processes  and  violent  outgassing  known  to  occur  during  forma- 
tion of  such  particles. 

Prior  to  weathering,  the  surfaces  of  most  airborne  particles  were 
covered  to  a varying  extent  by  immense  numbers  of  nearly  spherical,  ultra- 
fine  particulates  less  tim«  0.1  pm  in  diameter  (Figure  11).  Identity  of 
these  particulates  as  pure  or  alloyed  uranium  was  confirmed  by  X-ray  analysis. 

An  example  of  the  uniform  dispersal  of  ultrafine  particulates  on  the 
surface  of  a depleted  uranium/iron  particle  is  demonstrated  in  Figure  12. 

Any  further  accumulation,  however,  generally  resulted  in  extensive  coag- 
ulation and  hence  the  formation  of  large  billowing  aggregates  (Figure  13). 
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Figure  6.  Dual  magnification  (5X)  r.  r Airborne  Particle 
Depicting  Surface  Fracturing;  Small  Bar  Represents 
5 pm  at  Lower  Magnification 
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(Note  the  uitr.-ifine  part. : cv.l  ntes  of  depleted  urar.ium 
adhering  to  surface) 

Figure  8.  Dual  Magnificat  ion  ■( 5 X i of  I’o  1 /crystal  1 ine 
Particle  Consisting  I'i  imnviiy  of  Iron;  Small  Bar 
Represents  5 pm  at  Lower  Magnification 
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Figure  9.  Hollow  Particle  Demonstrating  Variable  Wall 
thickness:  Bar  Represents  5 urn 
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(High  iron  content  of  this  particle  is  indicated  by  crystal 
formation,  particularly  along  inner  wall  surface.) 


Figure  10.  Perfo;  at ed , llollou  Spin-re;  Bar  at  Right  Represents  5 ym 


Figure  .1  1.  Several  Airborne  Part  icles  Pcinonstrat  ing  Surface 
Coverage  by  Ultrafine  Fa rt i cul ates ; Bar  at  Right 
Represents  f>  pm 


(Note  ultrafine  particulates  arc  evenly  distributed 
upon  the  surface) 

Figure  12.  Dual  Magnification  (10X)  of  a Stab..  Hoy  and  Iron 
I- article;  Bar  Represents  S3. 5 pm  at  Lower  Magnification 


Figure  la.  Haring  of  an  IJltrafinc  Aggregate  from  the  Surface 
of  an  Airborne  Particle  Shown  in  Dual  Magnification  (3X) ; 

Bar  at  Right  Represents  3 pm  Lower  Magnification 


This  property  of  adhesion  or  coalescence  is  particularly  evident  in  Fig- 
urc  14  which  shows  two  depleted  uranium  particles  interconnected  by  a single, 
almost  invisible,  strand  of  material  comprised  entirely  of  ultraflnc 
particulates . 

Although  generally  found  in  association  with  larger  particles,  the 
ultrafine  particulates  were  also  detected  in  the  free  state  directly  upon 
the  surface  of  the  collective  tape.  At  low  magnification  these  particulates 
appeared  as  large  concentric  masses  often  reaching  several  hundred  micro- 
meters in  diameter  (Figure  15).  At  greatly  increased  magnification  (Figure 
16),  these  masses  were  revealed  as  consisting  of  vast  n;jmbers  of  small 
aggregates  and  long  angular  chains.  The  ultrafine  spheric?!  ^articles  com- 
prising these  aggregates  measured  approximately  0.01  to  0.1  ym  in  diameter. 

PARTICLES  ISOLATED  FROM  SOIL  SAMPLES 

Samples  collected  from  the  soil  near  the  target  site  were  sepa*atcd 
according  to  size  and  dei  by  a multistep  preparative  procedure.  This 
technique  proved  beneficial  in  that  it  resulted  in  the  exclusion  of  low 
density  materials  such  as  sand  and  clay  as  well  as  particles  larger  than 
those  required  for  this  study. 

An  overall  view  of  particles  isolated  from  soil  is  shown  in  Figure  17. 

The  use  of  porous,  polycarbonate  membranes  as  a supporting  material  resulted 
in  well  dispersed  samples.  The  degree  of  dispersion  was  readily  controlled 
and  was  dependent  only  upon  initial  particle  concentration. 

Morphology  of  particles  removed  from  soil  samples  was  quite  unlike  that 
of  their  airbone  counterparts.  Far  greater  numbers  of  irregularly  shaped 
fragments  were  present,  presumably  the  result  of  interaction  and  fusion 
with  sand  and  other  materials  within  the  soil  (Figure  18).  Spherical  par- 
ticles, although  quite  numerous,  generally  lacked  the  convoluted  surface 
morphology  so  apparent  in  airborne  samples.  Their  surfaces  were  consistently 
smoother  and  frequently  speckled  with  knobby  blebs  (Figure  19) . Soma  of  these 
blebs  were  clearly  continuous  with  the  surrounding  surface  whereas  others 
appeared  nearly  detached. 

The  relative  fragility  of  these  uranium  particles  was  clearly  evident 
following  brief  exposure  in  the  laboratory  to  ultrasound  (Figure  20).  Although 
sonification  lasted  no  longer  than  IS  seconds,  particles  showed  extensive 
fracturing  and  in  many  instances  complete  disintegration. 

PARTICLE  COMPOSITION 

The  elemental  composition  of  individual  particles  was  qualitatively 
determined  by  energy  dispersive  X-ray  spectroscopy.  Depleted  uranium  particles 
frequently  contained  iron,  aluminum,  silicon,  calcium,  magnesium,  potassium, 
titanium,  and  tungsten  as  a result  of  contamination  during  impaction  and 
settling. 
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Figure  14.  Ultrafinc  Particulates  on  the  Surface  of 
Staballoy  Particles  Showing  Interconnecting  Thread; 
Bar  at  Right  Represents  5 um 
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(Same  materia]  shown  in  Figure  151 

Figure  16.  High  Magnification  Showing  Aggregation  of  Ultra- 
fine  Particles;  Gup  Between  Bars  Represents  0,5  pm 


Figure  17.  Soil  Particles  oi  Density  Greater  Than  4.3  Which 
Passed  Through  a Id  inn  Polycarbonate  Nuclepore  Membrane; 
Bar  Represents  35.5  vim 
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Figure  18.  Dual  Magni fieat ion  (lOX)  of  Soil  Particles  Revealing 
Both  Spherical  Particles  and  Fragments;  Bar  Represents 
55.5  pm  at  Lower  Magnification 


Figure  19.  Knobby  Soil  Particle;  Gap  Between  Bars 
Represents  0.5  pm 
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iRillNH.A.,  SUMMARY 

Although  a number  ot'  heavy  metals  have  been  fabricated  ir  high  den- 
sity projectiles  in  an  attempt  to  increase  the  effectiveness  i irmor  piercing 

munitions  in  recent  years,  depleted  uranium  has  been  used  most  xtensivcly. 
Selection  of  depleted  uranium  as  the  most  desirable  of  the  candidate  ma- 
terials was  based  primarily  upon  it?  (lj  high  density,  (2)  pyrophoricity, 

(3)  metallurgical  properties,  (4)  availability,  and  (5)  relatively  low  cost. 

The  medical  and  environmental  implications  of  depleted  uranium  have 
been  widely  studied  (References  4 and  5).  Biotic  hazards,  generally  con- 
sidered to  be  low  and  resulting  only  after  prolonged  exposure,  are  believed 
to  be  due  primarily  to  its  chemical  rather  than  radiological  properties. 

But  even  with  the  vast  amount  of  physiological  data  already  acquired,  ad- 
ditional research  is  necessary  to  better  define  the  physical  and  chemical 
nature  of  fragmentary  depleted  uranium  generated  as  a consequence  of  its  use 
in  military  weaponry.  Foremost  attention  should  be  focused  on  its  potential 
for  dissemination  within  the  environment  and  entry  into  biological  systems, 
particularly  that  of  man. 

In  a recent  report,  Hanson  et  al  (Reference  6),  demonstrated  the  forma- 
tion of  particulate  aerosols  following  penetration  of  depleted  uranium  pro- 
jectiles into  armor  plate  targets.  This  study  was  especially  valuable  in  that 
ths  overall  aerodynamic  characteristics  and  size  distribution  of  uranium  pa"- 
ticles  were  defined. 

The  present  study  was  undertaken  to  examine  the  gross  morphological 
characteristics  ot'  these  particulates.  Such  specific  knowledge  is  required 
for  determination  of  potential  safety  hazards  associated  with  the  respiration 
and  deposition  of  uranium  aerosols  within  the  lungs.  Particles  in  the  0.1- 
to  0.5-nm  size  range  are  of  greatest  concern  because  of  their  high  efficiency 
for  deposition  in  the  lungs.  This  range  has  been  defined  appropriately  as 
the  respirable  size  range. 

For  this  study,  105  mm  rounds,  each  containing  approximately  3.5  kg 
depleted  uranium,  were  fired  at  multiple  steel  plate  targets.  Airborne 
particulates  were  collected  on  double-stick  tape  through  a combination  of 
settling,  impaction,  thermal  precipitation,  and  diffusion.  However,  due  to 
the  pyrophoric  nature  of  depleted  uranium  and  the  high  projectile  velocity 
attained,  the  predominant  mechanism  appeared  to  be  impaction.  A relatively 
high  collection  efficiency  was  anticipated  for  all  but  the  larger  fragments 
due  to  the  proximity  of  sampling  sites  to  the  target. 

Scanning  electron  microscopy  revealed  that  airborne  particulates  were 
primarily  spherical,  the  surfaces  of  whirl,  were  nighly  convoluted.  Tarticles 
were  at  times  comprised  of  partially  overlapping,  concave  plates,  formed  as 
a result  of  polyfocal  solidification.  Fxtensive  fracturing,  particularly 
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along  the  convoluted  folds  and  plate  lines,  accounted  fcr  the  apparent 
fragility  associated  with  airborne  particles  of  the  rugose  type.  Under 
normal  weathering  conditions  such  particles  could  be  expected  to  break  up 
rapidly,  thereby  contributing  to  an  increase  in  the  total  number  of  respi- 
rable-size particles. 

Particle  disintegration  would  be  further  accelerated  by  the  hollow 
nature  of  many  of  the  spheres.  Hollow  particles,  which  are  frequently  thin- 
walled  or  perforated,  are  extremely  vulnerable  to  weathering  and  thus  sub- 
ject to  rapid  deterioration. 

The  apparent  fragility  of  the  rugose,  hollow,  and  perforate  particles 
was  further  substantiated  through  observation  of  soil  particulates.  These 
samples  contained  material  which  had  accumulated  over  many  months  of  testing 
and  therefore  represented  aged  particulate  debris.  The  relatively  low 
incidence  of  these  types  of  particles  in  soil  must  be  attributed  to  their 
inherent  instability  and  results  in  rapid  weathering  and  subsequent  forma- 
tion of  smaller  particulates. 

An  unexpected  phenomenon  was  the  formation  of  ultrafine  particles  less 
than  0.1  pm  in  diameter.  These  particulates,  generally  observed  adhering 
to  the  surfaces  of  larger  particles,  presumably  were  formed  as  a result  of 
the  extreme  temperatures  achieved  and  the  highly  reactive  nature  of  pyrophoric 
depleted  uranium.  T1 ese  ultrafine  particles  exhibited  an  extreme  tendency 
to  coalesce,  probably  due  to  spontaneous  diffusion  charging.  This  coa- 
lescing tendency  of  particles,  which  were  originally  below  the  respirable 
size-range,  is  especially  significant  since  it  resulted  in  the  formation 
of  abundant  agglomerates  that  fell  within  the  respirable  range. 

The  elemental  composition  of  individual  particles  was  qualitatively 
determined  by  non-destructive  X-ray  spectroscopy.  Airborne  particles  were 
comprised  primarily  of  alloyed  uranium  and  iron.  Although  the  r.'vtio  of  the 
two  metals  varied  considerably  among  particles,  the  fact  that  alloying  did 
occur  is  consistent  with  the  violent  interaction  between  penetrator  and 
target  at  impact. 

Particles  isolated  from  soil  samples  near  the  target  area,  in  addition 
to  uranium  and  iron,  frequently  contained  appreciable  amounts  of  silicon, 
aluminum,  and/or  tungsten.  Fusion  with  both  silicon  and  aluminum  had  been 
anticipated  as  a result  of  interaction  with  sand  and  clays  within  the  soil. 

The  presence  of  tungsten  was  due  to  contamination  of  the  target  site  from 
previous  test  firings  of  high  density  penetrators  employing  that  material. 

This  study  has  shown  that  scanning  electron  microscope  techniques  are 
ideal  for  examination  of  particies  formed  from  the  impact  of  depleted 
uranium  projectiles  against  armor  plates.  Results  show  that  appreciable 
quantities  of  respirable-size  paricles  "re  released  during  use  of  these 
projectiles.  Although  particles  are  initially  formed  over  an  extremely 
broad  size  range,  eventual  weathering  of  large  particles  together  with 
coalescence  of  ultrafine  particles  combine  to  increase  the  potential  total 
number  of  particulates  within  the  respirable  range. 
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